Transport rate of arsenic, cadmium, copper and zinc in Potamogeton pectinatus L.: radiotracer experiments with 76As,109,115Cd,64Cu and 65,69mZn.
The present study was aimed at obtaining an insight into possible experimental approaches for providing numerical data on both the accumulation of sediment As, Cd, Cu and Zn in the submerged water plant Potamogeton pectinatus L., and the possible corresponding metal flows into the water phase. A hydroculture two-compartment system was used as the experimental set-up, and the selected metals were followed by measurements of their radioisotopes 76As, 109Cd, 115Cd, 64Cu, 65Zn and 69mZn. All experiments were performed in single plant mode. The results stress the extreme importance of leakage tests, which were performed using 99mTcO4-, and which resulted in approximately 30% of all experiments being discarded. Metal flows were shown as very near the metal limits of detection or obscured by and/or numerically very near the occurring leakage phenomena. Bio-concentration factors BCF (fresh wt. fine root basis) were calculated as 100, 10, 10 and 100-500 l/kg for Cu, Zn, Cd and As, respectively. The mobility, expressed as the shoot/root concentration ratio, CR, was obtained as < 10(-4), < 10(-5), 10(-3) and 10(-3) - 10(-2) for Cu, As, Cd and Zn, respectively. Double-labeling experiments showed that the CR values were due to the exclusive root-mediated transport in radiotracer experiments: results for simultaneous applications of 109Cd and 115Cd or 65Zn and 69mZn showed field-simulated CR values of approximately 0.04 and 14, respectively. Single-tracer experiments, using liquid scintillation counting (LSC) with 109Cd and 65Zn, were shown to strongly improve the sensitivities of flow determinations. Under the applied conditions, metal flows could be determined as <5 x 10(-8), <5 X 10(-8), 3.5+/-1.8 x 10(-10) and <8 x 10(-9) mol/h per kg root fresh wt. for Cu, As, Cd and Zn, respectively. Upscaling calculations, assuming plant steady state behavior, indicate that the metal accumulation in the plants may comprise up to 1% of the sediment metal occurrence, that the major part of an accumulated metal is retained in the plant roots, and that plant-mediated metal flow into the water phase (< 0.01% for Cd, Cu and Zn, < 0.1% for As within a growing season) may be regarded as not significantly contributing to the overall process of metal mobilization. It should be noted, however, that the above conclusions should be drawn with care, due to the pilot nature and the short-term duration of the presented experiments.